Objective To examine the incidence of neonatal near-miss and pre-discharge neonatal deaths across various risk categories (low 5 minute Apgar score, low birth weight, low gestational age, maternal near-miss, and caesarean sections) in 17 hospitals in Benin, Burkina Faso and Morocco
discharged from hospital. Pre-discharge neonatal deaths and neonatal near-miss had a similar distribution of markers of organ-dysfunction, but unlike pre-discharge neonatal deaths most neonatal near-miss (63%, 81% and 71% in Benin, Burkina Faso and Morocco respectively) occurred among babies who were not considered premature, low birth weight or with a low 5 minute Apgar score as defined by WHO's pragmatic markers of severe neonatal morbidity
Conclusion
Whether the quantitative measurement of neonatal near-miss adds useful insights into the quality of perinatal or newborn care in settings where facility-based intrapartum and early newborn mortality is very high is uncertain. Perhaps the greatest advantage of adding near-miss is the shift in focus from failure to success so that lessons can be learned on how to save lives even when clinical conditions are life-threatening 1 1 (2442) * Sampling weights applied; **Proportions are compared using the chi square test; # Number of live births for each exposure are obtained from the data in our study, singleton births only Formatted Table   Formatted Table   Formatted Table   Formatted 
Methods
Data were collected on all maternal deaths, maternal near-miss, neonatal near-miss (based on organ-dysfunction markers), caesarean sections, stillbirths, neonatal deaths before discharge and non-cephalic presentations; and on a sample of births not falling in any of the above categories.
Findings
The burden of stillbirth, pre-discharge neonatal death or neonatal near-miss ranged from 23 to 129 per 1000 births in Moroccan and Beninese hospitals respectively. Perinatal deaths (range 17-89 per 1000 births) were more common than neonatal near-miss (range 6-43 per 1000 live births), and between a fifth and a third of women who had suffered a maternal near-miss lost their baby. Pre-discharge neonatal deaths and neonatal near-miss had a similar distribution of markers of organ-dysfunction, but unlike pre-discharge neonatal deaths most neonatal nearmiss (63%, 81% and 71% in Benin, Burkina Faso and Morocco respectively) occurred among babies who were not considered premature, low birth weight or with a low 5 minute Apgar score as defined by WHO's pragmatic markers of severe neonatal morbidity
Introduction
The concept of maternal near-miss, -a woman who nearly died but survived -has taken firm hold in maternal health. Most maternal near-miss survive as a result of care received in hospital, and their investigation can therefore give useful insights into the quality of facilitybased obstetric care 1 . The incidence of maternal near-miss may also reflect delays in accessing emergency obstetric care, particularly when those who reach the hospital in a critical state are separated from those who develop a near-miss in hospital 2, 3 . Recently, this concept has been expanded to neonates, though experience is limited, particularly in low and middle income countries 4 . The feasibility of applying the near-miss concept to neonates and the usefulness of neonatal near-miss in the assessment of the quality of obstetric or perinatal care in such settings are still to be explored.
Efforts to capture the severity of neonatal morbidity using standard criteria are not new, and neonatal scoring systems have been widely used for a range of purposes. In high income countries efforts have mostly focused on the need to explain variation in mortality and other outcomes between neonatal intensive care units [5] [6] [7] . Neonatal scoring systems have also been used to predict an individual's prognosis in order to guide interventions, including end of life decisions 6, 7 . Severity indices are generally based on a combination of gestational age or birth weight thresholds with clinical markers, but there is no consensus on the most optimal set of markers.
The use of the term neonatal near-miss is more recent, though investigations of near-miss in infants, particularly in relation to sudden infant death syndrome, have been used for more than 40 years [8] [9] [10] [11] [12] . The last five years have seen a renewed interest in neonatal near-miss in low and middle income countries, partly stimulated by work in South Africa. Analogous to the concept of maternal near-miss, South African investigators have developed indicators of neonatal organ-dysfunction using a standard set of clinical, laboratory and management criteria [12] [13] [14] . Knowledge of the magnitude and clinical causes of neonatal near-miss are thought to help identify deficiencies in perinatal care, particularly in settings where neonatal deaths have become less common 12 . By comparing the incidence of near-miss in various risk groups, for example whether the baby was born premature, at low birth weight or HIV infected, remedial action might be better targeted and the quality of care improved 13, 14 .
More recently, the WHO has developed a set of standard markers of neonatal near-miss in order to facilitate assessments of the quality of perinatal care [15] [16] [17] . Defined as "an infant who nearly died but survived a severe complication that occurred during pregnancy, birth, or within 7 days of extra-uterine life", neonatal near-miss are identified based on so-called "pragmatic" and "management" markers of severe neonatal morbidity. Pragmatic markers include a 5 minute Apgar score less than 7, a birth weight less than 1750 grams, or a gestational age less than 33 weeks; and management markers refer to life-saving interventions such as the use of therapeutic intravenous antibiotics or the need for intubation or phototherapy 16 . Based on an assessment of the accuracy in predicting neonatal death, the authors suggest that newborns having a combination of pragmatic and management markers and surviving the first week of life should be considered a neonatal near-miss. Experience with the use of this indicator is limited however, and how or whether it informs the quality of perinatal care is not known.
In this paper we aim to further explore the use of the concept of neonatal near-miss in 17 hospitals in two low income and one middle income country (Benin, Burkina Faso and Morocco). Consistent with the definition of maternal near-miss, we define a neonatal nearmiss as a neonate who almost died but survived before discharge from hospital, using organdysfunction criteria. We examine the association between neonatal near-miss and predischarge neonatal death and low 5 minute Apgar score, low birth weight and low gestational age; and we examine variation in the incidence of neonatal near-miss, stillbirths, predischarge neonatal deaths and perinatal deaths among births associated with a maternal nearmiss, births by caesarean section, and all births.
Methods
This study took place in 17 hospitals in Benin, Burkina Faso and Morocco in 2012-2013 as part of a broader evaluation effort of the quality of emergency and routine care in referral facilities 18 . In Benin the study was conducted in 5 hospitals (1 public teaching, 2 public district and 2 confessional hospitals). In Burkina Faso data were collected in 6 public hospitals (2 regional and 4 district hospitals) and in Morocco the study took place in 8 public hospitals (2 teaching, 2 regional and 4 district hospitals). In Morocco, data in teaching and regional hospitals were only collected for women originating from any of the 4 districts in which the hospitals were located.
In each hospital doctors, nurses and midwives involved in patient care were trained to complete a structured form for each birth fulfilling the study criteria. Data were collected prospectively on all maternal deaths, maternal near-miss, neonatal nearmiss, caesarean sections, stillbirths, neonatal deaths before discharge and non-cephalic presentations (including breech, transverse lie, front, and face); and on a sample of births not falling in any of the above categories. Data were obtained from the delivery ward and, where relevant, from neonatal wards for babies admitted to neonatal or pediatric units (6 of the 17 hospitals had specialised neonatal units). Data included obstetric history, mode of delivery, maternal and neonatal complications, gestational age, birth weight, birth outcome, and Apgar score. We also collected information on the total number of births in each hospital in the same period from routine records, but detailed individual characteristics were only collected for the groups identified above.
Maternal near-miss was defined based on the organ-dysfunction criteria suggested by WHO 1, 19 and/or on clinical criteria of severity 20 . For the clinical criteria, categories of maternal near-miss were: severe anaemia (haemoglobin < 4g/dl ; or haemoglobin >=4 g/dl and < 7g/dl and palor of the skin or mucosa) ; uterine rupture or Bandl's ring ; severe haemorrage (with shock, cardiac arrest, blood transfusion or laparotomy) ; severe infection (temperature > 38 °C or < 36.5 °C with shock, jaundice or cardiac arrest ; or a diagnosis of septicemia) ; severe pre-eclampsia (diastolic blood pressure >=110 mm Hg with hyper reflectivity, severe headache, blurred vision, oliguria, jaundice, abdominal pain or pulmonary edema) and eclampsia (diastolic blood pressure >=90 mm Hg with convulsions or coma).
We defined neonatal near-miss based on organ-dysfunction markers proposed in South Africa 13, 14 (Table 1) . These criteria were modified after review by obstetricians and pediatricians in each of the countries. The main issues for consideration in adapting criteria were availability of information and ease of use. For example, C-reactive protein was not measured in any of the hospitals, and congenital infection was diagnosed on the basis of apathy and poor tolerance of feeds. The definition of neonatal near-miss was the same in all three countries, except for the respiratory rate for respiratory dysfunction which had to exceed 70 per minute in Benin and Burkina Faso compared to >100 per minute in Morocco.
Newborns identified with an organ-dysfunction at any time during hospitalization were recorded as neonatal near-miss.
We restricted the analysis to singleton births. We first examine the frequency of organdysfunction criteria in neonatal near-miss and pre-discharge neonatal deaths. We then report the association between gestational age at birth, birth weight and 5 minute Apgar score and neonatal near-miss and pre-discharge neonatal death among all live births for which such detailed information was available (i.e. all maternal near-miss, caesarean sections, noncephalic presentations and the sample without any such complications). Because information on birthweight, Apgar and gestational age was only available for the data collected in our study (sample of uncomplicated deliveries and all complicated deliveries), we calculated the sampling fraction of uncomplicated deliveries from the total/routine statistics and applied a weight to allow for this. Third, we examine the incidence of neonatal near-miss, stillbirths, pre-discharge neonatal deaths, perinatal deaths and combined near-miss/perinatal deaths, and the ratio of perinatal death to neonatal near-miss in three groups: babies born to women who experienced a maternal near-miss, those born by caesarean section and among all births occurring in the hospital over the study period. All analyses were stratified by country.
Proportions are compared using the chi square test and all 95% confidence intervals allow for clustering by hospital.
Results
The characteristics of the sample are described in Table 2 . The hospitals contributed 27,857 singleton births to the analysis, including 861 maternal near-miss, 4,146 caesarean sections, 730 stillbirths, 246 pre-discharge neonatal deaths and 427 neonatal near-miss. The causes of maternal near-miss included eclampsia or pre-eclampsia (34%), uterine rupture or pre-rupture (32%), severe anemia (27%), hemorrhage (21%), and infection (2%) (data not shown).
The distribution of markers of organ dysfunction in neonatal near-miss and pre-discharge neonatal deaths is shown in Table 3 . Most neonatal near-miss had one (50%) or two (30%) criteria of organ dysfunction recorded. Among pre-discharge neonatal deaths 43% had no criteria recorded, 21% had one criterion and a further 16% had two criteria. Respiratory dysfunction, designated by cyanosis and absence of a regular breathing pattern, was the most common criterion of neonatal near-miss in all three countries. Cardio-pulmonary resuscitation was frequent in Benin and Burkina Faso, and seizures and/or use of anticonvulsants were common criteria in all three countries. Criteria for renal, immunological, gastro-intestinal or musculoskeletal dysfunction were rarely identified. The frequency of organ-dysfunction in pre-discharge neonatal deaths was similar to that in neonatal near-miss.
The association between gestational age, birth weight, Apgar score and neonatal nearmiss/pre-discharge neonatal death is shown in Table 4 . Gestational age was missing for a large proportion of births in Burkina Faso (97%) and we therefore did not examine associations with gestational age in that sample. As expected, tThe risk of pre-discharge neonatal death differed was higher among babies born at earlyby gestational age, at low birth (Figure 1 ). Table 5 and Figures 2-4 show the incidence of neonatal near-miss, stillbirths, pre-discharge neonatal deaths and perinatal deaths among babies born by caesarean, babies born to women who suffered a maternal near-miss, and among all births registered in the hospitals. The number of perinatal deaths was greater than the number of neonatal near-miss in all countries and among almost all subgroups of women. The incidence of neonatal near-miss among all births ranged from 6 per 1000 live births in Morocco to 43 per 1000 live births in Benin but 17 and 89 per 1000 births resulted in a perinatal death (ratio near-miss to perinatal death 1:1.9 and 1:2.5 respectively). The incidence of neonatal near-miss was high among caesarean births (range 49 -136 per 1000 live births) and among those whose mother had suffered a maternal near-miss (range 96 -128 per 1000 live births). Overall, the incidence of perinatal death or neonatal near-miss was very high (129, 91 and 23 per 1000 births in Benin, Burkina Faso and Morocco respectively).
Discussion
The burden of neonatal ill health as measured in terms of stillbirth, pre-discharge neonatal death or neonatal near-miss was very high in the hospitals studied, ranging from 23 to 129 per 1000 births in Morocco and Benin respectively. Perinatal deaths were more common than neonatal near-miss in all countries, and among women who had suffered a maternal near-miss between a fifth and a third lost their baby before being discharged from hospital. Predischarge neonatal deaths and neonatal near-miss had a similar distribution of markers of organ-dysfunction, but unlike pre-discharge neonatal deaths most neonatal near-miss occurred among babies who were not considered premature, low birth weight or with a low 5 minute Apgar score as defined by WHO's pragmatic markers of severe neonatal morbidity 16 .
The incidence of neonatal near-miss of 34 and 43 per 1000 live births in Benin and Burkina Faso was higher than that reported in Morocco but similar to that reported in other low and middle income countries. The WHO multi-country surveys reported an incidence of management-based neonatal near-miss of between 35 17 and 60 16 per 1000 live births depending on the survey population; in the sub-group of countries with a low human development index the incidence of neonatal near-miss was 35 per 1000 live births 17 . In South African hospitals the incidence of neonatal near-miss was 23 13 and 24 per 1000 live births 14 . Caution is required in making any comparisons since study populations (including the type of hospital and the prevalence of HIV) and case definitions varied considerably. WHO's markers of severity were based on interventions rather than clinical criteria, and the use of therapeutic intravenous antibiotics -present in three quarters of cases -was by far the most common criterion 16 . Clinicians in South Africa and in our study did not consider intravenous antibiotics to be a marker of neonatal near-miss, and respiratory dysfunction was the most common cause.
Perinatal mortality was very high in the hospitals studied, and the number of perinatal deaths exceeded the number of neonatal near-miss. This contrasts with the findings from studies in South Africa and elsewhere where the number of neonatal near-miss far exceeded the number of perinatal deaths 13, 14 . Although this may point to poor quality of perinatal care in hospitals, perinatal mortality is not a good indicator of the quality of intrapartum or newborn care since stillbirths occurring before labour are not preventable at that time. The number of stillbirths was much higher than the number of pre-discharge neonatal deaths in our study, and many women may have arrived too late for the hospital to be able to save the baby. In a review of indicators to monitor emergency obstetric care WHO restricts its indicator of the quality of intrapartum and newborn care to very early neonatal (within the first 24 hours) or intrapartum deaths (fresh stillbirths) because such deaths can be averted by the availability and use of good-quality obstetric care and neonatal resuscitation 21 . Interestingly, newborns under 2.5 kg are to be excluded from the numerator and the denominator, as "low birthweight infants have a high fatality rate in most circumstances".
Since our intention was to capture the quality of intrapartum and early newborn care we restricted our criteria of near-miss to conditions marking an organ-dysfunction that could either be prevented or required special care during labour or in the early postpartum. We did not include pragmatic markers of severity because prematurity and low birth weight are not preventable at the time of labour, and because useful insights can be gained by comparing the incidence of neonatal near-miss across the various categories of gestational age, birth weight and Apgar scores. Most neonatal near-miss occurred in babies without extreme values of gestational age, birth weight or Apgar score, and the incidence of neonatal near-miss was very high, for example, in babies born with a normal birth weight of 2500-4000 grams or more (79, 126 and 21 per 1000 live births in Benin, Burkina Faso and Morocco respectively). This may be partly related to the fact that the mother had a complication -as reflected in the high incidence of neonatal near-miss among babies born by caesarean section or whose mother had a maternal near-miss -, but further investigation may also highlight important aspects of intrapartum and newborn care that could have prevented the near-miss from occurring. A mere quantitative analysis is unlikely to reveal the nature of deficiencies in care, and an in-depth audit will be required to further elucidate the quality of care received 22 .
Our study had some limitations. First we selected hospitals purposively within districts offering a range of contexts in terms of poverty and accessibility and our findings are not necessarily representative of all births taking place in health facilities in the three countries. Second, gestational age was missing for a large number of births. However, gestational age and birth weight are highly correlated and many low birth weight babies will have been born premature. Third, we only collected data on gestational age, birth weight and Apgar score in a sub-sample of births that was highly skewed towards severe maternal and neonatal complications, and the incidence of neonatal near-miss and pre-discharge neonatal death across these categories may have been biased. However, this should not have affected the proportion of neonatal near-miss or pre-discharge deaths with or without pragmatic markers of severity. Fourth, our organ-dysfunction criteria were pragmatic and may have overly relied on subjective clinical impressions, particularly when clinical signs such as absence of regular breathing patterns are used. Unfortunately, we did not note the time of occurrence of the organ-dysfunction signs and symptoms, in particular whether the babies deteriorated before or after receiving treatment.
Many authors have reported poor quality of perinatal care and care for children with severe illnesses in low and middle income country hospitals [23] [24] [25] [26] . Yet measuring the quality of perinatal and newborn care using reliable and valid outcome measures remains a challenge, even in high income countries 27 . Whether the quantitative measurement of neonatal near-miss adds useful insights into the quality of perinatal or newborn care in settings where facilitybased intrapartum and early newborn mortality is very high is uncertain. As with maternal near-miss, perhaps the greatest advantage of adding near-miss is the shift in focus from failure to success so that lessons can be learned on how to save lives even when clinical conditions are life-threatening 22 . Such lessons will not be learned from quantitative indicators alone however, and individual case audits will be needed to understand the circumstances that led to success 22 .
